The safety and efficacy of drug-eluting coronary stenting have been established for various degrees of severity of coronary artery disease. The DESyne is a contemporary cobalt-chromium thin-strut stent which has been studied in low-risk patients so far. Aim: The aim of this study was to evaluate the safety, efficacy and performance of the DESyne stent in patients with an indication for coronary stent implantation at the King Abdullah University Hospital (KAUH), Jordan.
Introduction
Percutaneous coronary intervention (PCI) has tremendously improved the treatment of coronary artery disease. Since the first balloon angioplasty for a short proximal lesion in the left anterior descending artery in 1977, millions of patients have benefited from coronary interventions. 1, 2 Over the years, there have been major advancements in the availability of different stent devices that have enabled the widespread use of this therapy. Stent devices are important to overcome the complications with balloon angioplasty, in particular, closure of the vessel during or in the immediate period after the procedure to prevent the vessel from acute recoil and seal eventual dissections.
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Jarrah et al majority of the lesions within the coronary vasculature. 5 The initial problem of stent thrombosis has been managed by high-pressure implantation techniques and the administration of potent antiplatelet medications. 6, 7 Early in this century, drug-eluting stents were introduced. 8 These stents are coated with polymer materials, and those polymers are loaded with an antiproliferative drug that elutes over a period of few months. 9 This strategy was highly efficient in reducing the incidence of restenosis which is caused by the previously mentioned neointimal growth or negative remodeling. 10 These developments have expanded the treatment of single and short lesions initially in patients with stable angina pectoris to the full parade of patients and lesion subsets. 11 Saying that, coronary stents are continued to be developed further providing improvements on patients' clinical conditions and less rates of complications.
The DESyne ® coronary stent system is a next-generation drug-eluting stent based upon a cobalt-chromium platform with a novel design and a drug-/polymer-coating technology that allows for thin struts. To the best of our knowledge, it has the lowest polymer load and lowest drug concentration of any drug-eluting stents currently available in the market. The DESyne coronary drug-eluting stent has been evaluated in a study with relatively selected patients. 12 The objective of this retrospective study was to report the procedure and the clinical outcomes of patients implanted with the DESyne stent in daily practice, representing a real-world population at the King Abdullah University Hospital (KAUH), Ar Ramtha, Jordan.
Patients and methods
Patient selection and study design
A retrospective single-center study was conducted. The hospital records for all patients with one or more DESyne coronary stent implantations were reviewed. There were no specific patient inclusion or exclusion criteria. Data on demographics, cardiac history, cardiovascular risk factors, vessel and lesion characteristics, procedure, antiplatelet medication and specific cardiovascular events that occurred in the followup period of 1 year were obtained. If patients were referred by other centers, either the referring cardiologist or the general practitioner was contacted to obtain follow-up information. An expert operator reviewed all angiograms and assessed the qualitative vessel and lesion characteristics; the quantitative variables were visually assessed. The study was approved by the ethics committee of our university hospital (KAUH). The institutional review board (IRB) approval from KAUH was granted before starting the study (IRB no.: 317-2016). The ethics committee of the KAUH did not require informed consent because of the retrospective design of the study. Patient confidentiality was guaranteed because in the database that was developed for this study no patient identifiers such as name, initials, date of birth or unique hospital identification number were documented. At the moment of the procedure, treatment selection was according to the internal and hospital guidelines and also the principles of the Declaration of Helsinki were adhered.
DEsyne coronary stent system
The DESyne coronary stent system has been described previously. 12 In summary, the stent is made of a cobalt-chromium alloy and is available in diameters of 2.5, 3.0 and 3.5 mm and in 14, 18, 23 and 28 mm lengths. The stent has a nominal strut thickness of 0.0032² (0.08 mm) with an eight-crown pattern for the 3.0 and 3.5 mm sizes and a six-crown pattern for the 2.5 mm sizes. The DESyne stent is loaded with 5 µg of novolimus per millimeter of stent length. The stent is coated with a formulation composed of novolimus and a durable methacrylate polymer which allows sustained release of 80% of the drug over a period of ~12 weeks and 100% by 6 months.
clinical procedure
The procedures were performed by expert interventional cardiologists at the KAUH according to the standard hospital interventional techniques. Selection of the DESyne stent for each individual patient was at operator's discretion. Patients who have not previously taken acetylsalicylic acid received a loading dose of ≥300 mg before the procedure. In addition, patients received, at the time of the procedure, 300-600 mg of clopidogrel if they have not received it during the 7 days preceding the procedure. Anticoagulation during the procedure was achieved with unfractionated heparin at a dose of 5,000 IU or 70-100 IU/kg of body weight to maintain an activated clotting time of more than 250 seconds. All patients were discharged with a prescription for at least 75 mg of indefinitely acetylsalicylic acid and for 75 mg of clopidogrel for a minimum of 6 months after the indexed procedure. Prasugrel or ticagrelor instead of clopidogrel was administered for high-risk acute coronary syndrome patients.
clinical events, follow-up end points and definitions Event collection was composed of all major adverse cardiac events (MACEs) and stent thrombosis. MACE was defined as cardiac death, myocardial infarction (MI) not clearly attributable to a noninterventional vessel and clinically 
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DEsyne coronary stent in patients with ischemic heart disease indicated target lesion revascularization. For death and its subcategories, the definitions as formulated by the Academic Research Consortium (ARC) were applied. 13 Cardiac death was defined as any death due to immediate cardiac cause (eg, MI, low output failure and fatal arrhythmia). Unwitnessed death and death of unknown cause were classified as cardiac deaths. In addition, this included all procedure-related deaths including those related to concomitant treatment. A vascular death was defined as death due to cerebrovascular disease, pulmonary embolism, ruptured aortic aneurysm, dissecting aneurysm or other vascular causes. Noncardiovascular death was any death not covered by the abovementioned definitions, including death due to infection, sepsis, pulmonary causes, accident, suicide or trauma.
The third universal definition of MI was used for the classification of suspected MIs.
14 A periprocedural MI within the first 48 hours after the procedure was defined as an elevation of troponin values (>5×99th percentile upper reference limit [URL]) in patients with normal baseline values (≤99th percentile URL). A spontaneous Q-wave MI (>48 hours after intervention) required the development of new pathological Q-waves in two or more contiguous leads (as assessed by the electrocardiography [ECG] core laboratory) with or without post-procedural troponin, creatine kinase or creatine kinase-MB levels elevated above normal. A spontaneous non-Q-wave MI required the detection of a rise and/or fall of cardiac biomarker values with at least one value above the 99th percentile URL and with at least one of the following: symptoms of ischemia, new or presumed new significant STsegment T-wave (ST-T) changes or new left bundle branch block, development of pathological Q-waves, imaging evidence of new loss of viable myocardium or new regional wall motion abnormality or the identification of an intracoronary thrombus by angiography or autopsy. For all definitions, any MI not clearly attributable to a nontarget vessel was considered as target vessel MI. Repeat revascularizations were classified according to the ARC criteria. 13 Target lesion revascularization was defined as any repeat percutaneous intervention of the target lesion or bypass surgery of the target vessel performed for restenosis or other complications of the target lesion. The target lesion was defined as the treated segment from 5 mm proximal to the stent and to 5 mm distal to the stent. Target vessel revascularization was defined as any repeat percutaneous intervention or surgical bypass of any segment of the target vessel. The target vessel was defined as the entire major coronary vessel proximal and distal to the target lesion, which includes upstream and downstream branches and the target lesion itself. A revascularization was considered clinically indicated if angiography at follow-up shows a percent diameter stenosis of >50% and if one of the following occurs: 1) a positive history of recurrent angina pectoris, presumably related to the target vessel; 2) objective signs of ischemia at rest (ECG changes) or during exercise test (or equivalent), presumably related to the target vessel; 3) abnormal results of any invasive functional diagnostic test (eg, Doppler flow velocity reserve and fractional flow reserve); 4) A target lesion revascularization or target vessel revascularization with a diameter stenosis of >70% even in the absence of the abovementioned ischemic signs or symptoms. Stent thrombosis data are reported according to the ARC definitions. 13 A definite thrombosis was defined in case there was an angiographic or pathologic confirmation of a thrombus. A probable stent thrombosis was considered to have occurred for any unexplained death within the first 30 days after the procedure and, irrespective of the time after the procedure, for any MI in the territory of the implanted stent. A possible stent thrombosis was considered for any unexplained death after 30 days.
statistical analyses
The primary analytical population consisted of all patients implanted with a DESyne stent. Data were analyzed with Minitab 17 Statistical Software. Data for all continuous variables were summarized with descriptive statistics (mean, median, SD, minimum and maximum). Data for all categorical variables were summarized with subject counts and percentages. Event rates at 30 days, 6 months and 1 year were calculated according to the Kaplan-Meier method, and Kaplan-Meier plots were generated for the main cardiac events.
Results
Patient demographics
A total of 715 patients were treated with the DESyne stent between July 22, 2013, and September 10, 2016. The baseline demographics showed a mean age of 57.8±10.3 years. The male enrollment was 79.3%, and 11.2% had a history of smoking, while 53.0% were listed as still smoking at the time of the procedure. A total 58.3% of patients had a history of diabetes mellitus. The prevalence of hyperlipidemia was 88.1%. In addition, 23.1% had a positive family history in a first-degree relative for premature coronary artery disease. The medical history showed that 38.2% and 2.7% of the patients had experienced a previous Q-wave or non-Q-wave MI, respectively. The majority (64.3%) of the infarctions occurred within 12 hours of the procedure. The 
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Jarrah et al patient history also revealed a previous PCI in 45.7% and a previous coronary artery bypass graft surgery (CABG) in 3.9%. The current cardiac status at baseline was unstable angina in 72.0% and (acute) MI in 14.3% of the subjects. The patients' demographics and medical history are summarized in Table 1 .
Vessel, lesion and procedure characteristics
The 715 enrolled subjects had 849 lesions in which a DESyne stent was implanted (mean 1.2 lesions per patients: ranged from 1 to 4 lesions per patient). The brachial or radial access route was selected only for 0.3% of the patients. The majority of the subjects (82.3%) had one lesion being treated; a second lesion that required treatment was presented in 16.4% of the patients. The most frequently treated vessel was the left anterior descending artery in 49.1% of the lesions. Multivessel disease was present in 11.2%. The stent was implanted in 44.1% of the lesions at the mid-segment of the vessel; 8.6% of the lesions were ostial. The vast majority of the lesions (74.6%) were type A of the American College of Cardiology/American Heart Association lesion classification; type B2 or C was reported for 6.1% and 2.3% of the lesions, respectively. The mean lesion length was 24.9±12.6 mm; the mean reference vessel diameter was 3.0±0.4 mm. In total, 941 DESyne stents were implanted in a total of 849 lesions (1.1 stent per lesion). The mean diameter was 2.94±0.36 mm, and the mean length was 23.2±7.6 mm.
In two subjects, no DESyne stent was implanted in any of the lesions because of the failure to reach the target lesion. A second DESyne was implanted in 9.9% of the lesions. In addition, a total of 104 drug-eluting stents and seven bare metal stents were implanted. Patients were discharged after a mean of 1.8±8.0 days (range 0-167 days) with aspirin in 99.6% and a P2Y12 inhibitor (clopidogrel, prasugrel or ticagrelor) in 96.7% of the patients, and the complete details are listed in Tables 2 and 3 .
clinical events
The 30-day event rate for all deaths was 0.2%. At 6 months and 1 year, the percentages were 0.2% and 1.1%, respectively. For cardiac death, the event rate at these time points was 0.2%, 0.4% and 0.6%, respectively. At 30 days, the event rate for all MIs was 0.6%. The event rate for all MIs, Q-wave MI and non-Q-wave MIs was 0.9%, 0.6% and 0.3%, respectively, at 1 year. The ischemia-driven target lesion revascularization rate was 0.8% at 1 year. None of the patients underwent coronary artery bypass surgery. For definite/probable, definite and probable stent thrombosis, the estimated rates were 0.7%, 0.3% and 0.7%, respectively. At 1 year, these were 1.1%, 0.5% and 0.6%, respectively ( Figure 1 and Table 4 ).
Discussion
The aim of this study was to evaluate the safety and performance of the DESyne coronary metallic stent used in daily practice in a single university center in Jordan. The stent delivery success rate (>99%) was high, and the cardiac event rate at 1 year was low with low rates for cardiac death (0.6%), all MIs (0.9%) and an acceptable stent thrombosis rate (1.1%). 15, 16 The patient population enrolled was a typical -yet unique -daily life population for this referral center with a remarkably high percentage of diabetes mellitus and 
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DEsyne coronary stent in patients with ischemic heart disease other cardiovascular risk factors, and a significant number of patients presented with an acute coronary syndrome (unstable angina or an acute or recent MI). 17 Prevalence of cardiovascular risk factors in patients scheduled for PCI is high in Jordan. The first Jordanian PCI study reported a high prevalence of hypertension, diabetes mellitus and hypercholesterolemia with the presence of multiple risk factors in a significant percentage of the patients. 17 The prevalence of risk factors in this single-center DESyne study is comparable to the prevalence of risk factors of the reported Jordan multicenter study noting that KAUH was one of the participating centers. Nevertheless, the prevalence is in Outcomes of the first Jordanian PCI study have been reported in a separate article. 16 In total, 2,426 patients were enrolled whom underwent a PCI at 12 tertiary-care centers in Jordan. The mean age was 56±11 years, and 79% were male. The majority (77%) underwent their PCI for an acute coronary syndrome. One and two vessels were treated in 71.4% and 23.7% of the patients, respectively. At 1 year, the mortality was 1.94%. A percutaneous target vessel revascularization was performed in 3.38% and a CABG in 0.58% of the patients. A stent thrombosis occurred in 1.94%. The authors contributed the low event rate, despite the high proportion of acute coronary syndrome patients, to the relatively young age that was several years younger than in registries of the Western population. The clinical outcomes of this multicenter study, and in particular the low percutaneous or surgical re-intervention rates, are comparable to the outcomes of the DESyne study.
At 1 year, 1.1% of the patients had died which is within the range of 1.0-4.0% (weighted mean: 2.1%) summarized for a large number of individual studies that evaluated contemporary drug-eluting stent in unselected patient populations. 18 The fact that the incidence of all deaths in the Jordan DESyne study is comparable is in particular important as death -as an end point 
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DEsyne coronary stent in patients with ischemic heart disease -is independent of the used study definition and constitutes the most relevant clinical outcome. The outcomes for the other end points such as MI, percutaneous re-interventions and CABGs are somewhat lower than usually reported for stent studies performed in western Europe or USA. This can be contributed in part to differences in medical care. For example, the incidence of peri-procedural infarctions is dependent on the frequency of post-procedural biomarker measurement besides the sensitivity of the used definition. 14 In randomized, controlled studies, post-procedural enzyme measurement is usually study protocol mandated and multiple samples are taken over a period of 1-2 days, while in registries enzyme measurement is often done per hospital routine, ie, less often or only in case the patient develops signs or symptoms of myocardial ischemia. This less frequent biomarker sampling methodology as applied in the Jordan DESyne study -as in most registries -can lead to a lower rate of reported peri-procedural infarctions. In addition, differences in insurance for medical care could have contributed to a difference in the lower incidence of re-interventions, either percutaneously or surgically.
As the limitation of the DESyne study, its retrospective design with its inherent suboptimal precision should be mentioned. The high compliance of the baseline data and the high degree of comparability of the patient characteristics of this study vs the first Jordanian PCI study support the high accuracy patient record maintenance. The KAUH utilizes an electronic patient record system to document patient's health information from which the relevant patient data were retrieved. Moreover, angiograms were reviewed for information not available in the electronic records. In addition, not all patients have been followed for the entire follow-up period of 1 year. Therefore, the incidence of events has been calculated according to the Kaplan-Meier method to account for patients with incomplete follow-up.
In summary, the next-generation DESyne coronary stent system has been evaluated in unselected patients with an indication for a percutaneous intervention at a Jordan tertiary center. The patient population is relatively young with a high prevalence of cardiovascular risk factors presenting predominantly with an acute coronary syndrome as indication. The 1-year event rates of death, MI and re-intervention are low and comparable to other stent studies demonstrating the safety and efficacy of the DESyne stent.
Conclusion
In this large retrospective study, an all-comer population of patients with an indication for a PCI with the implantation of a DESyne drug-eluting stent was included. The population had a high prevalence of risk factors for coronary artery disease, and a high percentage of patients presented with an acute coronary syndrome including acute MIs. The 1-year incidence of cardiac death (0.6%), MI (0.9%) and target lesion revascularizations (0.8%) was low. The definite/probable stent thrombosis rate was 1.1%.
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